A Gram-reaction-positive, aerobic, coccus-to rod-shaped, non-motile, non-spore-forming bacterium (strain UKS-03 T ) was isolated from a sediment sample of Ungok Lake in Gochang, Republic of Korea. The taxonomic position of this bacterium was determined in an investigation based on a polyphasic approach. On the basis of 16S rRNA gene sequence analysis, strain UKS-03 T was shown to belong to the family Nocardioidaceae and to be related most closely to Nocardioides ginsengisegetis Gsoil 485 T (98.5 % similarity), Nocardioides koreensis MSL-09 T (98.4 %) and 'Nocardioides panaciterrulae' Gsoil 958 (97.3 %). Strain UKS-03 T was characterized chemotaxonomically as having LL-2,6-diaminopimelic acid in its cell-wall peptidoglycan, MK-8(H 4 ) as the predominant menaquinone, diphosphatidylglycerol and phosphatidylglycerol as the main polar lipids, and iso-C 16 : 0 , C 17 : 1 v8c and C 17 : 0 10-methyl as its major fatty acids. The G+C content of the genomic DNA was 71.9 mol%. Mean DNA-DNA relatedness values between strain UKS-03 T and N. ginsengisegetis Gsoil 485 T , N. koreensis KCTC 19272 T and 'N. panaciterrulae' Gsoil 958 were 37.5¡7.2, 6.8¡0.9 and 3.1¡0.7 %, respectively. On the basis of the data from this polyphasic taxonomic study, strain UKS-03 T represents a novel species of the genus Nocardioides, for which the name Nocardioides ungokensis sp. nov. is proposed. The type strain is UKS-03 T (5KACC 18304 T 5LMG 28591 T ).
A Gram-reaction-positive, aerobic, coccus-to rod-shaped, non-motile, non-spore-forming bacterium (strain UKS-03 T ) was isolated from a sediment sample of Ungok Lake in Gochang, Republic of Korea. The taxonomic position of this bacterium was determined in an investigation based on a polyphasic approach. On the basis of 16S rRNA gene sequence analysis, strain UKS-03 T was shown to belong to the family Nocardioidaceae and to be related most closely to Nocardioides ginsengisegetis Gsoil 485 T (98.5 % similarity), Nocardioides koreensis MSL-09 T (98.4 %) and 'Nocardioides panaciterrulae ' Gsoil 958 (97.3 %) . Strain UKS-03 T was characterized chemotaxonomically as having LL-2,6-diaminopimelic acid in its cell-wall peptidoglycan, ) as the predominant menaquinone, diphosphatidylglycerol and phosphatidylglycerol as the main polar lipids, and iso-C 16 : 0 , C 17 : 1 v8c and C 17 : 0 10-methyl as its major fatty acids. The G+C content of the genomic DNA was 71.9 mol%. Mean DNA-DNA relatedness values between strain UKS-03 T and N. ginsengisegetis Gsoil 485 T , N. koreensis KCTC 19272 T and 'N. panaciterrulae' Gsoil 958 were 37.5¡7.2, 6.8¡0.9 and 3.1¡0.7 %, respectively. On the basis of the data from this polyphasic taxonomic study, strain UKS-03 T represents a novel species of the genus Nocardioides, for which the name Nocardioides ungokensis sp. nov. is proposed. The type strain is UKS-03 T (5KACC 18304 T 5LMG 28591 T ).
The genus Nocardioides was proposed by Prauser (1976) . At the time of writing, the genus comprises 74 recognized species (Euzéby, 1997) , including the recently described species Nocardioides paucivorans , Nocardioides daecheongensis (Lim et al., 2014) , Nocardioides nanhaiensis (Zhang et al., 2014) , Nocardioides daeguensis (Cui et al., 2013) and 'Nocardioides panaciterrulae' (Kim et al., 2013) . The genus Nocardioides includes Gram-reactionpositive, coccus-to rod-shaped bacteria with LL-diaminopimelic acid as the diagnostic diamino acid in the cell-wall peptidoglycan, MK-8(H 4 ) as the predominant menaquinone, and iso-C 16 : 0 , C 17 : 1 v8c and C 17 : 0 10-methyl as the major fatty acids. Phylogenetically, the genus belongs to the family Nocardioidaceae, in the suborder Propionibacterineae (Zhi et al., 2009) .
During the course of a study on cultivable aerobic bacterial strains from sediment of Ungok Lake in Gochang province, Republic of Korea, a large number of novel strains were isolated using the standard dilution-plating technique on R2A agar (BD) at room temperature. Here, we report on the taxonomic characterization of one of these strains, designated UKS-03 T , which appeared to be a member of the genus Nocardioides. Strain UKS-03 T was cultured routinely on R2A agar at 25 or 30 8C and preserved, as a suspension in R2A broth with 20 % (w/v) glycerol, at 270 8C.
The genomic DNA of strain UKS-03 T , extracted using a commercial DNA extraction kit (Solgent), was used in a PCR with the universal bacterial primer pair 9F and 1512R to amplify the 16S rRNA gene (Weisburg et al., 1991) . The purified PCR products were sequenced by Solgent as described by Im et al. (2010) . The almost-complete (1442nt) sequence of the 16S rRNA gene was compiled using SeqMan software (DNASTAR) and compared with the 16S rRNA gene sequences of related taxa, which were obtained from the GenBank database or EzTaxon server [http:// www.ezbiocloud.net/eztaxon; Kim et al. (2012) ]. Multiple alignments were made using the CLUSTAL X program (Thompson et al., 1997) with gaps edited using the BioEdit program (Hall, 1999) . Evolutionary distances were calculated using the Kimura two-parameter model (Kimura, 1983) . Neighbour-joining (Saitou & Nei, 1987) and maximumparsimony (Fitch, 1971 ) phylogenetic trees were reconstructed using the MEGA 6 program (Tamura et al., 2013) , with bootstrap values based on 1000 replications (Felsenstein, 1985) .
The 16S rRNA gene sequence of strain UKS-03 T determined in this study was a continuous stretch of 1422 bp (positions 28-1491 with respect to the Escherichia coli numbering system). Sequence similarity calculations using the EzTaxon-e server indicated that the closest relatives of strain UKS-03 T were Nocardioides ginsengisegetis Gsoil 485 T (98.5 % sequence similarity), Nocardioides koreensis MSL-09 T (98.4 %) and 'N. panaciterrulae ' Gsoil 958 (97.3 %) . This relationship between strain UKS-03 T and members of the genus Nocardioides was also evident in the phylogenetic tree, which was based on a comparative analysis of 16S rRNA gene sequences (.1350 bp) ( Fig. 1) . Strain UKS-03 T , N. ginsengisegetis Gsoil 485 T , N. koreensis MSL-09 T and 'N. panaciterrulae' Gsoil 958 formed a monophyletic group with a high bootstrap value (81 %), which was supported by both tree-making methods used in this study.
On the basis of these phylogenetic results, N. ginsengisegetis Gsoil 485 T , N. koreensis MSL-09 T (5KCTC 19272 T ) and 'N. panaciterrulae' Gsoil 958 were the closest recognized neighbours of strain UKS-03 T , and were obtained from our laboratory's storage box or culture collections, grown under the same conditions and used as reference strains in most of the subsequent phenotypic tests.
The Gram reaction was tested by the non-staining method, as described by Buck (1982) . Cell morphology was examined by scanning electron microscopy (Hitachi SU-3500), using cells grown for 2 days at 30 8C on R2A agar. Catalase activity was determined by bubble production in 3 % (v/v) H 2 O 2 and oxidase activity was determined using 1 % (w/v) tetramethyl-p-phenylenediamine (Cappuccino & Sherman, 2002) . Carbon source utilization and enzyme activities were tested using API 20NE, 32 GN and API ZYM strips (bioMérieux) according to the manufacturer's instructions. Tests for the hydrolysis of casein, starch (Atlas, 1993) and DNA (using DNase agar from Scharlau, with DNase activity detected by flooding plates with 1 M HCl) were carried out over 3 days at 30 8C. Growth at different temperatures (4, 10, 18, 25, 30, 37, 42 and 45 8C) and various pH values (pH 4.5-10.0 at intervals of 0.5 pH units) was assessed after 7 days of incubation in R2A broth. Three different buffers (final concentration, 50 mM) were used to adjust the pH of the R2A broth: acetate buffer for pH 4.5-5.5, phosphate buffer for pH 6.0-8.0 and Tris buffer for pH 8.5-10.0. Salt tolerance was tested on R2A medium supplemented with 1-10 % (w/v) NaCl (at intervals of 1 %) and growth was assessed after 7 days of incubation. Growth on nutrient agar (NA; BD), trypticase soy agar (TSA; BD) and MacConkey agar (BD) was also evaluated at 30 8C.
Cells of strain UKS-03 T were Gram-reaction-positive, aerobic, non-spore-forming and non-motile. Cells were coccus-to rod-shaped (measuring 0.3-0.560.5-2.0 mm) ( Fig. S1 , available in the online Supplementary Material). Colonies grown on R2A agar plates for 5 days at 30 8C were smooth, translucent, circular, cream-white, convex and 0.3-1.0 mm in diameter. The morphological, physiological and biochemical characteristics of strain UKS-03 T are given in the species description and Table 1 . Some physiological characteristics of strain UKS-03 T are compared with those of the three reference type strains in Table 1 .
Genomic DNA of the novel strain and the three reference strains was extracted and purified, as described by Moore & Dowhan (1995) , and the G+C was determined by reversed-phase HPLC (Mesbah et al., 1989) . Cellular fatty acid profiles were determined using cells grown on R2A agar for 2 days at 30 8C. The cellular fatty acids were saponified, methylated and extracted according to the protocol of the Sherlock Microbial Identification System (MIDI). They were then identified by capillary GLC, using version 6.0 of the Microbial Identification software package (MIDI) via the TSBA60 database (Sasser, 1990) and an Agilent 6890 gas chromatograph (Hewlett Packard). For the chemotaxonomic analyses (of isoprenoid quinones, polar lipids and cell-wall peptidoglycan type), strain UKS-03 T was grown in R2A broth for 5 days at 30 8C. Isoprenoid quinones were extracted with chloroform/methanol (2 : 1, v/v), evaporated under vacuum and re-extracted in n-hexane/water (1 : 1, v/v). The crude n-hexane/quinone solution was purified using a Sep-Pak Vac silica cartridge (Waters) and subsequently analysed by HPLC, as previously described (Hiraishi et al., 1996) . Polar lipids were extracted and analysed as described by Minnikin et al. (1984) . The isomer of the diamino acid of the cell-wall peptidoglycan was determined by using TLC, after hydrolysis of whole cells with 6 M HCl at 100 8C for 18 h, as described by Komagata & Suzuki (1987) . DNA-DNA hybridization experiments were performed between strain UKS-03 T and the three reference strains N. ginsengisegetis Gsoil 485 T , N. koreensis KCTC 19272 T and 'N. panaciterrulae' Gsoil 958 according to the method described by Ezaki et al. (1989) using photobiotin-labelled DNA probes and micro-dilution wells. Hybridizations were performed at 53.8 8C with five replications for each sample. The highest and lowest values obtained for each sample were excluded and the means of the remaining three values were converted to percentage DNA-DNA relatedness values.
The DNA G+C content of strain UKS-03 T was 71.9 mol%, which was similar to those of N. ginsengisegetis Gsoil 485 T , N. koreensis MSL-09 T and 'N. panaciterrulae' Gsoil 958 (71.6, 69.9 and 70.8 mol%, respectively; Table 1 ). The major menaquinone of strain UKS-03 T , like that previously reported for members of the genus Nocardioides, was MK-8(H 4 ). The presence of LL-diaminopimelic acid in the cell-wall peptidoglycan also supported the placement of strain UKS-03 T in the genus Nocardioides. The fatty acid profile of strain UKS-03 T was mainly composed of iso-C 16 : 0 (56.5 %), C 17 : 1 v8c (6.3 %) and C 17 : 0 10methyl (6.4 %), which were typical of those of members of the genus Nocardioides. However, some minor qualitative and quantitative differences in fatty acid content could be observed between strain UKS-03 T and its phylogenetically closest relatives ( Table 2 ). The polar lipid patterns of strain UKS-03 T , N. ginsengisegetis Gsoil 485 T and Nocardioides panacihumi Gsoil 616 T (AB271053)
Nocardioides terrae VA15 T (FJ423762)
Nocardioides marinus CL-DD14 T (DQ401093)
Nocardioides aestuarii JC2056 T (AY423719)
Nocardioides sediminis MSL-01 T (EF466110)
Nocardioides terrigena DS-17 T (EF363712)
'Nocardioides panaciterrulae' Gsoil 958 (GQ339903)
Nocardioides koreensis MSL-09 T (EF466115)
Nocardioides ungokensis sp. nov. UKS-03 T (KP893899)

Nocardioides ginsengisegetis Gsoil 485 T (GQ339901)
Nocardioides caricicola YC6903 T (FJ750845)
Nocardioides aquiterrae GW-9 T (AF529063)
Nocardioides pyridinolyticus OS4 T (U61298)
Nocardioides endophyticus MWE 3-5 T (KC878444)
Nocardioides conyzicola HWE 2-02 T (KC878445)
Nocardioides hankookensis DS-30 T (EF555584)
Nocardioides kribbensis KSL-2 T (AY835924)
Nocardioides psychrotolerans RHLT2-1 T (JF750425)
Nocardioides aquaticus EL-17K T (X94145)
Nocardioides dokdonensis FR1436 T (EF633986)
Nocardioides lianchengensis D94-1 T (HQ657322)
Nocardioides marinisabuli SBS-12 T (AM422448)
Nocardioides basaltis J112 T (EU143365)
Nocardioides salarius CL-Z59 T (DQ401092)
Nocardioides halotolerans MSL 23 T (EF466122)
Nocardioides alkalitolerans KSL-1 T (AY633969)
Nocardioides daejeonensis MJ31 T (JF937066)
Nocardioides dubius KSL-104 T (AY928902) N. koreensis KCTC 19272 T were similar. They had diphosphatidylglycerol and phosphatidylglycerol as the main polar lipids and several unidentified polar lipids (Fig. S2) . Mean DNA-DNA relatedness values between strain UKS-03 T and N. ginsengisegetis Gsoil 485 T , N. koreensis KCTC 19272 T and 'N. panaciterrulae' Gsoil 958 were 37.5¡7.2, 6.8¡0.9 and 3.1¡0.7 %, respectively (Table S1 ). According to Wayne et al. (1987) , DNA-DNA relatedness values lower than 70 % are considered to be the threshold value for the delineation of genospecies, so the results obtained are low enough to assign strain UKS-03 T to a novel species of the genus Nocardioides.
Nocardioides mesophilus MSL 22 T (EF466117)
Nocardioides daedukensis MDN22 T (FJ842646)
The characteristics of strain UKS-03 T are consistent with the description of the genus Nocardioides with regard to morphological, biochemical and chemotaxonomic properties. However, the phylogenetic distance between strain UKS-03 T and recognized Nocardioides species, the unique phenotypic characteristics (Table 1) and the low level of DNA-DNA relatedness with its nearest neighbours identified based on phylogenetic analysis warrant the assignment Table 1 . Physiological characteristics of strain UKS-03 T and strains of related species of the genus Nocardioides Strains: 1, UKS-03 T ; 2, N. ginsengisegetis Gsoil 485 T ; 3, N. koreensis KCTC 19272 T ; 4, 'N. panaciterrulae' Gsoil 958. All data were from this study, except the DNA G+C contents of the reference strains (taken from Dastager et al., 2008; Im et al., 2010; Kim et al., 2013) . In API 20 NE and API 32GN kits, all strains were cream-white, negative for degradation of starch and DNA, acid production from glucose, indole production, and assimilation of L-arabinose, caprate, adipate, melibiose, L-arabinose, caprate, L-histidine, 2-ketogluconate, 4-hydroxy-benzoate, sucrose and malonate. All were positive for urease, b-glucosidase (aesculin hydrolysis), protease (gelatin hydrolysis), and assimilation of D-glucose, N-acetylglucosamine, gluconate, L-fucose, suberate and glycogen. +, Positive; 2, negative; W, weakly positive. *Summed features represent groups of two or three fatty acids that could not be separated by GLC with the MIDI system. Summed features comprised: 3, C 16 : 1 v7c and/or C 16 : 1 v6c; 6, C 19 : 1 v11c and/or C 19 : 1 v9c; 8, C 18 : 1 v7c and/or C 18 : 1 v6c; 9, iso-C 17 : 1 v9c and/or 10-methyl C 16 : 0 .
